Abstract: Currently, asymptomatic ventricular preexcitation, which has been put at rest for many decades, remains a clinical challenge as there are no predictors of sudden death, which can be the first clinical presentation of the syndrome. Identification of risk factors for sudden death is important, considering the availability of a definitive treatment. Now, as radiofrequency catheter ablation of accessory pathways has reported success rates approaching 100 percent without major complications in many centers worldwide, it becomes unacceptable that even one asymptomatic individual with WPW will die or will experience life-threatening arrhythmic events. In our extensive experience a short anterograde refractory period of accessory pathways, inducibility of sustained tachyarrhythmias and the presence of multiple accessory pathways are the strongest predictors of life-threatening arrhythmias and sudden death. Therefore, it is not yet justified that, after an incidental diagnosis of WPW syndrome has been made, no risk stratification by invasive testing is done. Subjects at high risk, particularly if young or adolescent, should be identified and then ablated in the same session as they can develop lethal arrhythmic events within a few years and this is our current practice. Recently, we sent a questionnaire to investigate clinical practices over a large number of centers around the world about asymptomatic ventricular preexcitation. A total of 100 replies were received and the results demonstrate that there is worldwide agreement in performing invasive electrophysiologic testing and prophylactic ablation in selected subjects.
INTRODUCTION
Since they were first described, preexcitation syndromes have intrigued physicians and many electrophysiologic and population based studies have been reported in the past years . Recently we have reported additional data which have animated many debates on a critical question that was thought to have been put to rest [40] [41] [42] [43] [44] . If one considers that in the late 1980s surgical ablation of AP was the last resort for prevention of sudden death, it is not surprising that approaches to the initially asymptomatic WolffParkinson-White remained conservative. Nowadays, with the establishment of RF catheter ablation as a safe and very effective approach for treatment of symptomatic patients with Wolff-Parkinson-White syndrome, attention has turned to subjects who are asymptomatic but are known to have substrates for potentially lifethreatening arrhythmias. At present, it has become unacceptable that even one asymptomatic individual with Wolff-Parkinson-White continues to die unexpectedly or to experience life-threatening arrhythmic events.
NATURAL HISTORY OF THE WPW SYNDROME
Natural history studies of the WPW syndrome reported SD rates between 0.0% and 0.6% per year, but many of them had small numbers and limited follow-up periods. In the Munger et al. [6] study, no symptoms developed during follow-up in any individual >40 years of age who was asymptomatic at diagnosis, and up to 33% of asymptomatic people lost the capacity to conduct anterogradely. In contrast, a third of those <40 years of age became symptomatic. Leitch et al. [26] reported no cases of SD in a group of 75 initially asymptomatic subjects followed up for a mean of 4.3 years. Fitzsimmons et al. [23] [6] reported that 30% of asymptomatic patients presented with arrhythmic events over a 12-year follow-up period and 2 symptomatic patients experienced sudden death over 1338 patient-years of follow-up.
Kitada et al. [45] among 397 responding school children, found that those with WPW syndrome had only a fair prognosis in terms of repeated arrhythmic events rather than mortality or serious cardiovascular complications. Other studies reported lower rates of symptoms (up to 8%) with variable follow-up periods suggesting that the period of follow-up is important since some subjects may become symptomatic even after many years and may have SD as their first presenting symptom. Among 241 relatively unselected WPW patients, Pietersen et al. [46] identified 26 who had developed atrial fibrillation (AF). Over a mean of 15 years (range, 1 to 37 years) of follow-up, 2 of these 26 patients died suddenly. Their shortest RR intervals during induced AF had been short. In contrast, 2 of the remaining 215 patients (ie, those in whom AF did not occur) died suddenly, but this difference was not statistically significant. These findings indicate that ventricular pre-excitation is not such a benign condition as previously supposed; 4 cases of sudden death from a total of 241 WPW patients represent a 2% mortality over the follow-up period.
The results of the 3 largest published series of WPW patients who had VF demonstrated that VF was the first presentation in 3 of 25 patients, 8 of 15 patients, and 6 of 23 patients. Klein et al. [8] documented VF in 3 pediatric asymptomatic patients with WPW. Timmermans et al. reported that 15 of 690 patients (2.2%) with WPW syndrome who were referred to their hospital over a 16-year period had an aborted SD, and VF was the first clinical manifestation in 8 patients. Montoya et al. [9] reported 23 cases of WPW with spontaneous VF in whom VF was the first manifestation of the syndrome in 6 patients. No differences were found between those with VF and without VF. From these data, it seems that aborted SD and SD occur more frequently in young, healthy male subjects and that VF is a rare initial presentation in patients >30 years of age. We documented VF in 7 healthy, young patients (6 male patients); 5 were successfully resuscitated, and 2 died suddenly.
Subjects who experienced VF had clinically silent life-threatening tachyarrhythmias, but they refused prophylactic RF ablation being totally asymptomatic. Two of them (1 child) died suddenly, and the others underwent ablation after cardiac arrest.
Russel et al. [13] reported 256 pediatric patients, 6 of whom had presented with life-threatening events as the first manifestation of their pre-excitation syndrome. Among these 256 patients, 60 (23.4%) were asymptomatic. Deal et al. [14] described 42 patients with WPW syndrome who experienced cardiac arrest of whom 20 as the initial symptom. Dubin et al. [47] reported on 100 pediatric patients with WPW syndrome who underwent EPT for risk stratification and demonstrated that asymptomatic patients had statistically the same recognized EPT risk profile as the symptomatic patients.
Bromberg et al. [48] reported that among 60 patients who had surgical ablation of the AP, 10 children experienced cardiac arrest. In a 15-year follow-up study, of 98 asymptomatic WPW children, 1 child 8 years of age whose parents refused to perform EPT had SD. In our experience, the incidences of VF, SD, and life-threatening syncopal arrhythmias were 0.3%, 0.1%, and 1.3% per year, respectively.
Mechanisms of Sudden Death
The most important mechanism of SD in WPW is the onset of AV reciprocating tachycardia (AVRT), which can degenerate into AF and then into VF. The possibility to conduct rapidly over a single or multiple accessory pathways (AP) with short refractory periods may facilitate degeneration of AF into VF and SD, particularly when ventricular rates exceed 300 bpm. In our experience, subjects who had VF exhibited rapid conduction with short refractory periods of both the AV node and AP as well as inducible AVRT triggering AF. The presence of multiple pathways has an important role in precipitating VF. It seems that inducibility of AVRT and multiple AP, convey an increased risk of VF or SD. Patients who were resuscitated after VF have experienced (1) clinical AF with rapid ventricular rates, (2) clinical SVT, (3) inducible AVRT or AF with rapid ventricular response or both, (4) an anterograde AP refractory period <270 ms, and/or (5) multiple pathways. These findings confirm our experience and the role of EPT in evaluating inducibility, number and location of APs, and the electrophysiological characteristics of the bypass tracts to select high-risk patients.
PROPHYLACTIC ABLATION IN HIGH-RISK ASYMPTO-MATIC WPW PATIENTS
We reported the usefulness of prophylactic RF ablation in highrisk asymptomatic WPW subjects in 2 randomized studies published in the New England Journal of Medicine [41, 42] . In the first study, among 220 asymptomatic patients referred to our laboratory ( 12 years of age), 37 high-risk subjects were randomized to prophylactic ablation, and 35 received no treatment. Ablation was successful in all patients without any complications. The 5-year Kaplan-Meier curves of the cumulative probability of arrhythmic events were 7% among patients who underwent prophylactic ablation and 77% among subjects who did not. In this study, one patient with multiple pathways randomized to the conservative arm subsequently had a VF arrest, suggesting that ablation of multiple pathways is important to prevent VF and SD. All arrhythmic events occurred within the first 2.5 years of follow-up in patients with inducible AVRT, whereas more than half of those with inducible nonsustained AF remained asymptomatic at 5 years. We found that the risk of spontaneous arrhythmias significantly and persistently decreased over time after ablation. The cumulative probability to develop arrhythmic events for ablated patients and those who did not undergo ablation, continued to diverge over time, suggesting a long-term benefit. In the second study, RF catheter ablation of AP was compared with no treatment in 165 asymptomatic high-risk children 5 to 12 years of age. One of 20 children (5%) in the ablation group and 12 of 27 (44%) in the control group had arrhythmic events. Three children in the control group had VF as the first presenting arrhythmia, and 1 of them died suddenly. The other 2 patients were successfully resuscitated and then ablated.
Current data are sufficient to consider revision of current guidelines and have led to several debates at many official cardiology congresses worldwide. In light of the recently published data prophylactic RF ablation can be safely and appropriately performed in asymptomatic high-risk patients. Low-risk patients may choose prophylactic ablation at the time of EPT when the catheters are in place, although it appears to be unjustified as complications may exceed the potential benefit. Nevertheless, we believe that at present our results in terms of benefits and risks may be extended to the general electrophysiology community. The results of a recent survey submitted worldwide to the EP community indicated that most electrophysiologists share our point of view, agreeing with risk stratification by EP testing and prophylactic ablation in high risk subjects.
Survey Background
Although the Wolff-Parkinson-White syndrome is frequently associated with AVRT, there is a lifelong risk of sudden cardiac death due to atrial fibrillation, with rapid anterograde conduction over the accessory pathway to the ventricles, resulting in ventricular fibrillation. Reports among symptomatic patients with WPW syndrome have found that ventricular fibrillation occurred in 2.2% of patients over a 16-year period, while natural history data in asymptomatic patients reveal a sudden death rate of 1 per 1000 patientyears of follow-up. As a consequence, the possibility of cardiac arrest or sudden cardiac death must be always taken in consideration in each and every patient with an incidental WPW ECG pattern. Invasive electrophysiologic studies can determine arrhythmias inducibility, accessory pathway location and number, and tachyarrhythmia mechanism. In addition, invasive testing can determine conduction characteristics of accessory pathways to possibly stratify risk for potential sudden death. These include inducibility of AVRT and/or AF with shortest preexcited R-R interval of < 240 ms, multiple accessory pathways and a short effective refractory period for anterograde conduction across the accessory pathway. As catheter ablation techniques have improved, electrophysiology study (EPS) and radio frequency ablation (RFA) have become safe even in pediatric patients. A recent survey on asymptomatic WPW subjects published in 2003 demonstrated that at present most pediatric electrophysiologists in the States despite conservative Guidelines recommendations use routine ET testing to identify children at risk and RF ablation of accessory pathway in those considered at high risk [38] . We have hypothesized that at present in the era of RF ablation many subjects incidentally found with asymptomatic ventricular preexcitation are increasingly being referred for electrophysiologic evaluation in many electrophysiologic centers worldwide, with RFA when appropriate. Therefore, in this survey, we sought to investigate the magnitude of the problem and what approach the electrophysiologists are using in the asymptomatic WPW population. We also asked an opinion on the possibility of revisiting current guidelines in asymptomatic subjects with WPW ECG pattern.
Survey Questionnaire
In March 2006, a 10-question survey was sent to 111 electrophysiologic centers worldwide. Centers were selected from the following sources: the Heart Rhythm Society member list, the ESC member list and official lists of working groups on arrhythmias in different countries of Europe; Asia; North America; and Oceania. The selected institutions were contacted by e-mail in all cases. For centers not responding after the first contact, no further contact was attempted. The 10 questions addressed the following issues: Do you think that sudden death in a previously asymptomatic subject is an important issue that should be solved? Do you think all children or adolescents with WPW know exactly how to recognize symptoms of tachyarrhythmias? Do you reckon that a simple, no cost ECG performed in all newborns in the Neonatology department could be a useful tool for identifying WPW neonates? Are you currently performing a risk stratification for asymptomatic WPW subjects? If so, how many asymptomatic patients with WPW syndrome have undergone noninvasive or invasive risk stratification at your center? Are you currently performing prophylactic catheter ablation for high risk asymptomatic WPW? Do you think that in the day of RF and cryoablation we will never really have a defined natural history of WPW syndrome with which make decisions. How many asymptomatic adult patients (>18 years) with WPW syndrome have you seen at your center? How many asymptomatic children or adolescents ( 18 years) with WPW have you seen? Do you believe that current guidelines should be revisited?
The deadline for final collection was the end of May 2006. All data were sent to an independent statistical center for analysis. The questionnaire was conceived to investigate clinical practices over a large number of centers around the world in the current strategy treatment among subjects with asymptomatic ventricular preexcitation and to evaluate potential changes in current guidelines for such population. A total of 100 replies were received from 111 practicing electrophysiologists. The results demonstrate that most electrophysiologists agree with EP testing for risk stratification and prophylactic ablation in high risk subjects (Fig. 1).   Fig. (1) . The figure shows that in subjects with asymptomatic ventricular preexcitation about the 70% of electrophysiologists perform invasive electrophysiologic testing for risk stratification and prophylactic ablation and that more than 60 percent suggest to revisit the current guidelines.
